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Blazars hosting Binary Black Holes?
Blazars as hadronic accelerators?

FACTFACTFACTFACTFACTFACTFACTFACT: The FFFFFFFFirst G-AAAAAAAAPD CCCCCCCCherenkov TTTTTTTTelescope
DWARFDWARFDWARFDWARFDWARFDWARFDWARFDWARF:  A global IACT network 

Summary
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Binary BHs in AGN I: EvidencesBinary BHs in AGN I: EvidencesBinary BHs in AGN I: EvidencesBinary BHs in AGN I: EvidencesBinary BHs in AGN I: EvidencesBinary BHs in AGN I: EvidencesBinary BHs in AGN I: EvidencesBinary BHs in AGN I: Evidences

�� Natural expectation of Natural expectation of 
hierarchical galaxy formationhierarchical galaxy formation

[e.g. Begelman[e.g. Begelman++80]80]

�� Discovery ofDiscovery of widewidewidewidewidewidewidewide (kpc) BBHs(kpc) BBHs

�� Model of merger kickModel of merger kick--off by off by 
asymmetric grav. wave emissionasymmetric grav. wave emission

[Komossa[Komossa++08]08]

�� Discovery of Discovery of 11111111 narrow narrow narrow narrow narrow narrow narrow narrow (7pc) BBH (7pc) BBH 
[Rodriguez[Rodriguez++09]09]

�� 1 candidate (in SDSS) of sub1 candidate (in SDSS) of sub--pc pc 
BBH from 2 BLRs BBH from 2 BLRs [Boroson[Boroson++09]09]

�� Are there close to coalescense Are there close to coalescense 
subsub--pc scale BBHs?pc scale BBHs?

Chandra: 
NGC 6240: z=0.024;          
d~1.4kpc, 2 active Nuclei

[Komossa+03]
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Binary BHs in AGN I: EvidencesBinary BHs in AGN I: EvidencesBinary BHs in AGN I: EvidencesBinary BHs in AGN I: EvidencesBinary BHs in AGN I: EvidencesBinary BHs in AGN I: EvidencesBinary BHs in AGN I: EvidencesBinary BHs in AGN I: Evidences

VLBI: HIVLBI: HI--velocityvelocity
0402+379: z=0.055; d~7pc0402+379: z=0.055; d~7pc

V V V V [km/skm/skm/skm/s]
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�� Discovery ofDiscovery of widewidewidewidewidewidewidewide (kpc) BBHs(kpc) BBHs

�� Model of merger kickModel of merger kick--off by off by 
asymmetric grav. wave emissionasymmetric grav. wave emission

[Komossa[Komossa++08]08]

�� Discovery of Discovery of 11111111 narrow narrow narrow narrow narrow narrow narrow narrow (7pc) BBH (7pc) BBH 
[Rodriguez[Rodriguez++09]09]

�� 1 candidate (in SDSS) of sub1 candidate (in SDSS) of sub--pc pc 
BBH from 2 BLRsBBH from 2 BLRs [Boroson[Boroson++09]09]

�� Are there close to coalescense Are there close to coalescense 
subsub--pc scale BBHs?pc scale BBHs?
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BBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOs

� Theory: narrow BBHs would cause quasar 
like peak luminosities [Lobanov06]

� Not resolvable � Search for QPOs

� OJ287: 12 yr optical [Sillanpää+87, Fan+98, Wu+06]

� Mkn501: TeV& X-ray: 23d  [Kranich+99, Osone06] 
optical: 100d [Yang+08]   

new TeV & X-ray: 23d, 36d & 72d [Rödig+09]

� TeV emission from close to BH        [Acciari+09]

� Interpretation of QPO
in TeV as BBH

[Rieger & Mannheim00,
De Paolis+02, Rieger07]

� Extract mass & distance
�Calculate GW templates

TeV 
(HEGRA)

X-ray 
(ASM)

23 days23 days23 days23 days
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BBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOsBBHs in AGN II: Blazars & QPOs

� Theory: narrow BBHs would cause quasar 
like peak luminosities [Lobanov06]

� Not resolvable � Search for QPOs

� OJ287: 12 yr optical [Sillanpää+87, Fan+98, Wu+06]

� Mkn501: TeV& X-ray: 23d  [Kranich+99, Osone06] 
optical: 100d [Yang+08]   

new TeV & X-ray: 23d, 36d & 72d [Rödig+09]

� TeV emission from close to BH        [Acciari+09]

� Interpretation of QPO
in TeV as BBH

[Rieger & Mannheim00,
De Paolis+02, Rieger07]

� Extract mass & distance
�Calculate GW templates

TeV 
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LongLongLongLongLongLongLongLong--------term periods in TeV emission?term periods in TeV emission?term periods in TeV emission?term periods in TeV emission?term periods in TeV emission?term periods in TeV emission?term periods in TeV emission?term periods in TeV emission?
……………………looking backlooking backlooking backlooking backlooking backlooking backlooking backlooking back……………………

� Data collection ongoing

� First glance at the data quite encouraging:
� Several methods reproduce period around 23 days in 1997 TeV data of 
Mkn501

Mkn 501 lightcurve, E> 2 TeVMkn 501 lightcurve, E> 2 TeV

Thieler, Backes+ T 95.1

Adapted from

[http://www-zeuthen.desy.de/multi-messenger/GammaRayData]

23 days

Period in daysPeriod in daysPeriod in daysPeriod in days
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� Orphan TeV flare in 2002 of 
1ES1959+650 [Krawczynski+04]

� 2 νwithin 66 days, 1 coincident 
with orphan flare [Resconi+05]

� „Orphan“ TeV flare in 2004 of 
Mkn 421 [Blazejowski+05]

� PKS 2155-304: GeV lightcurve 
compatible with constant while 
in TeV highly variable 

[Aharonian+09]

� Different origins of radiation?

Hadronic orphan flares?Hadronic orphan flares?Hadronic orphan flares?Hadronic orphan flares?Hadronic orphan flares?Hadronic orphan flares?Hadronic orphan flares?Hadronic orphan flares?

νννννννν νννννννν

MJD

MJD

F
lu
x
 [
C
ra
b
]
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High sensitivity with threshold energies around 100 GeV
�many observation missions:

PulsarPulsar--WindWind--NebelNebel

Supernova ResteSupernova Reste

MikroquasareMikroquasare

GalaxienhaufenGalaxienhaufen

RadiogalaxienRadiogalaxien

PulsarePulsare

GammaGamma--RayRay--BurstsBursts

BlazareBlazare

Galaktische SurveysGalaktische Surveys

� no cost efficient way for 24/724/724/724/7 monitoring

pulsar

µµµµµµµµ--quasarquasar

shelltype
SNR

galactic
center

pulsar wind
nebula

GRBs

AGN

Monitoring with current IACTs?Monitoring with current IACTs?Monitoring with current IACTs?Monitoring with current IACTs?Monitoring with current IACTs?Monitoring with current IACTs?Monitoring with current IACTs?Monitoring with current IACTs?
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High sensitivity with threshold energies around 100 GeV
�many observation missions:

� no cost efficient way for 24/724/724/724/7 monitoring

pulsar

µµµµµµµµ--quasarquasar

shelltype
SNR

galactic
center

pulsar wind
nebula

GRBs

AGN

��DDDDDDDDedicated edicated WWWWWWWWorldwide orldwide AAAAAAAAgn gn RRRRRRRResearch esearch FFFFFFFFacility (acility (DWARFDWARFDWARFDWARFDWARFDWARFDWARFDWARF))

Monitoring with current IACTs?Monitoring with current IACTs?Monitoring with current IACTs?Monitoring with current IACTs?Monitoring with current IACTs?Monitoring with current IACTs?Monitoring with current IACTs?Monitoring with current IACTs?

Idea:   Affordable monitoring telescopes
observing few sources with large duty cycle
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� Mount of former HEGRA CT3 (La Palma)

� New drive system (as in MAGIC)

� New mirrors

� New camera
� First GFirst GFirst GFirst G----APD camera for an IACTAPD camera for an IACTAPD camera for an IACTAPD camera for an IACT

� Solid light concentrators

� Fully embedded DAQ

Goals

� Crab observations next season

� Test whether G-APDs are suitable for 
next generation IACTs (CTA, AGIS, …)

� Long-term monitoring of near blazars in 
the DWARF network

First gFirst gFirst gFirst gFirst gFirst gFirst gFirst g--------Apd Cherenkov TelescopeApd Cherenkov TelescopeApd Cherenkov TelescopeApd Cherenkov TelescopeApd Cherenkov TelescopeApd Cherenkov TelescopeApd Cherenkov TelescopeApd Cherenkov Telescope
FACTFACTFACTFACTFACTFACTFACTFACT

TU Dortmund, ETH Lausanne, ISDC Versoix, Uni WTU Dortmund, ETH Lausanne, ISDC Versoix, Uni Wüürzburg, ETH Zurichrzburg, ETH Zurich

Photomontage

D. Neise+ T 96.1

MWL partners
� Planck (radio all-sky)
� Metsähovi (radio)
� Tuorla (optical)
� MAXI (X-ray all-sky)
� Fermi (GeV all-sky)
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The FACT Mirrors IThe FACT Mirrors IThe FACT Mirrors IThe FACT Mirrors IThe FACT Mirrors IThe FACT Mirrors IThe FACT Mirrors IThe FACT Mirrors I

� Aluminum Mirrors from CT1 
remachined and recoated

� Higher reflectivityHigher reflectivityHigher reflectivityHigher reflectivity

� Hexagonal � 9% enlargement

� 9,25m9,25m9,25m9,25m²²²² mirror areamirror areamirror areamirror area

Photomontage
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The FACT Mirrors IIThe FACT Mirrors IIThe FACT Mirrors IIThe FACT Mirrors IIThe FACT Mirrors IIThe FACT Mirrors IIThe FACT Mirrors IIThe FACT Mirrors II

Further enlargement planed:
Carbon-fiber mirrors

� Copied from a glas master

� LightLightLightLight----weight & inexpensiveweight & inexpensiveweight & inexpensiveweight & inexpensive

Photomontage Photomontage

� First prototype available

� 11,4m11,4m11,4m11,4m²²²² effective mirror effective mirror effective mirror effective mirror 
areaareaareaarea



13Michael Backes for the DWARF collaboration
15.03.2010 | DPG Frühjahrstagung 2010 (Bonn)

38cm38cm38cm38cm

light

Size of HEGRA 
CT3 pixel (2cm)

The FACT CameraThe FACT CameraThe FACT CameraThe FACT CameraThe FACT CameraThe FACT CameraThe FACT CameraThe FACT Camera

DAQ

G-APD

PMT

GGGGGGGG--------APDsAPDsAPDsAPDsAPDsAPDsAPDsAPDs
� Novel photosensors with potential

to replace PMTs

� Single p.e. resolution

� High PDE

� Negligible time-jitter

� Not damaged by bright light

� Very compact & robust

� Not used in IACTs, yetyetyetyet

GGGGGGGG--------APD CameraAPD CameraAPD CameraAPD CameraAPD CameraAPD CameraAPD CameraAPD Camera
� 1440 Pixel
� Fully integrated DAQ

� Based on DRS4

� 2GHz sampling

� Analog sum of groups of
9 pixels for trigger

D. Neise+ T 96.1
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The FACT Monte Carlo SimulationsThe FACT Monte Carlo SimulationsThe FACT Monte Carlo SimulationsThe FACT Monte Carlo SimulationsThe FACT Monte Carlo SimulationsThe FACT Monte Carlo SimulationsThe FACT Monte Carlo SimulationsThe FACT Monte Carlo Simulations

� CORSIKA
� Atmospheric transmission
� Reflector
� Lightguides
� G-APDs

� Crosstalk
� Deadtime
� Afterpulses
� non-linearities

� Several (>50) trigger layouts
� N-multiplicity
� N-next neighbor
� Analog summation patches

� Analog summation performs best

� Energy threshold for 
reconstructed events reconstructed events reconstructed events reconstructed events ~400GeV

900 cell G900 cell G--APDAPD
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…………………… and there are more:and there are more:and there are more:and there are more:and there are more:and there are more:and there are more:and there are more:

� 1 telescope
� Mt.Hopkins (Az,USA)
�Eth~ 400 GeV    

� Ongoing monitoring
[Pichel+, ICRC09]

� 1 telescope
� Mt. Abu (IN)
�Eth ~ 1TeV

� Ongoing 
monitoring
[Koul+, NIM 07]

� 2 of HEGRA
� Sierra Negra (MEX)
� 4100m a.s.l.
�Eth~700 GeV�???
[Ruben+, ICRC 09]

� 2 of Telescope Array
� Utah (USA)
� 7.1m² mirror

� Int. Interferrometry
�No Cherenkov-
camera, yetyetyetyet
[Finnegan+, AIPC 08]

Whipple 10mWhipple 10m TACTICTACTIC OMEGAOMEGA StarBaseStarBase

…
more
to

come!
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FACTFACT

WhippleWhipple

StarBaseStarBase
UtahUtah

OmegaOmega

Romanian Romanian 
& & 

Croatian Croatian 
CTsCTs TACTICTACTIC

??????

??????

??????

DDedicated edicated WWorldwide orldwide AAgn gn RResearch esearch FFacility acility 
DWARFDWARF

Global distributed DWARF networkGlobal distributed DWARF networkGlobal distributed DWARF networkGlobal distributed DWARF networkGlobal distributed DWARF networkGlobal distributed DWARF networkGlobal distributed DWARF networkGlobal distributed DWARF network
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SummarySummarySummarySummarySummarySummarySummarySummary

� Much interesting physicsphysicsphysicsphysics
in monitoring, e.g.
� Leptonic or hadronic jets?

� Coincident γγγγ- and νννν-observations

� Super Massive Binary Black Holes

� Gravitational waves

� Not cost-efficient with latest generation IACTs

� Dedicated telescopesDedicated telescopesDedicated telescopesDedicated telescopes for long-term monitoring:

FACTFACTFACTFACTFACTFACTFACTFACT
Prototype of a new generationPrototype of a new generation

of IACTs with of IACTs with GGGGGGGG--------APD camerasAPD camerasAPD camerasAPD camerasAPD camerasAPD camerasAPD camerasAPD cameras

DWARFDWARFDWARFDWARFDWARFDWARFDWARFDWARF
Network of IACTs

for 24/7 observations
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Thank you!Thank you!Thank you!Thank you!

DDedicated edicated WWorldwide orldwide AAgn gn RResearch esearch FFacility acility 
DWARFDWARF networknetwork

The The FFirst Girst G--AAPD PD CCherenkov herenkov TTelescope elescope FACTFACT

within thewithin the
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Mkn 501, Mkn 421, 1ES 1959+650, 1ES 2344+514, 
H1426+428, PKS 2155-304

Most probable DWARF sourcesMost probable DWARF sourcesMost probable DWARF sourcesMost probable DWARF sourcesMost probable DWARF sourcesMost probable DWARF sourcesMost probable DWARF sourcesMost probable DWARF sources

DWARF BlazarsDWARF Blazars


